The geographic spread and urbanization of visceral leishmaniasis in Brazil has
Visceral leishmaniasis affects some 65 countries, with an estimated annual incidence of 500 thousand new cases and 50 thousand deaths 1,2 . In Brazil, visceral leishmaniasis is caused by the protozoan Leishmania (Leishmania) chagasi and is transmitted by sand flies of the genus Lutzomyia, with dogs as the principal source of infection in urban areas 3 .
Historically known as a rural endemic, since the 1980s the disease has become endemic and epidemic in large Brazilian cities. In this slow process of urbanization, Teresina, State capital of Piauí, experienced the first major urban epidemic of visceral leishmaniasis in Brazil, with more than 1,000 cases reported from 1981 to 1986 4 . Other epidemics were later described in Natal (Rio Grande do Norte) 5 and São Luis (Maranhão) 6 , followed by spread of the disease to cities in other regions of the country 3 .
This epidemiological panorama leaves no doubt about the severity of the situation and the full-blown geographic expansion of visceral leishmaniasis. From 1980 to 2004, 57,766 cases of visceral leishmaniasis were reported in Brazil, with 2,911 deaths 7 . In the five-year periods 1985-1989, 1990-1994, 1995-1999, and 2000-2004 , the mean annual number of reported cases increased from 1,601 to 2,264, 3,060, and 3,630, respectively. In the 1990s, only 10% of the reported cases occurred outside the Northeast Region, but from 2000 to 2004 more than 30% of cases were reported in the North, Central-West, and Southeast of the country 7 . In recent years, autochthonous transmission of visceral leishmaniasis was reported in more than 1,600 municipalities (counties) in 19 States, with a mean annual incidence of 2 cases/100 thousand inhabitants 3 .
The available data demonstrate the problem's magnitude, but appear insufficient to demonstrate that there is a typically urban characteristic of the disease. It is true that for various reasons, whether demographic (e.g.: migration), environmental (e.g.: environmental destruction facilitating direct contact between humans, natural vector breeding habitats, and wild reservoirs), or sanitary (e.g.: haphazard land occupation with precarious sanitation, favoring the vector's adaptation to the peridomestic environment), visceral leishmaniasis now occurs mostly in urban areas. However, this fact is insufficient to affirm that the epidemiological pattern has changed to the point of claiming specificity to the urban transmission as opposed to that occurring in the traditional rural niches that were extensively studied and characterized in Brazil in the 1950, specificity to the in the landscapes known as pé-de-serra (foothills), boqueirão (hollow), and grotão (grotto) 8, 9, 10, 11 .
Various alterations may have been induced by urbanization, such as changes in the degree of the vector's anthropophilia, the contribution of human-to-human transmission for maintaining endemic levels, an increase in the parasite's virulence, development of resistance to drugs and insecticides, etc. However, this question appears not to have been explored systematically, so it is still conceivable that the urbanization of visceral leishmaniasis has not produced relevant epidemiological modifications in the infection's natural history and that the typically rural ecological conditions have merely shifted to the cities. Still, this conjecture appears insufficient in light of the diversity of ecological situations in which visceral leishmaniasis occurs in Brazil. On the other hand, to admit that visceral leishmaniasis transmission in the urban setting presents peculiar aspects in each region would mean to deny the existence of some degree of biological and epidemiological unity in the process, which also appears unreasonable. An alternative hypothesis would be that transmission in the urban setting is heterogeneous, but governed by basic conditions that allow one to trace transmission scenarios or typologies, each with more or less distinct nuances, showing greater or lesser similarity to the rural epidemiological pattern.
A question that also merits attention is the definition per se of "urban" 12, 13 . In general, the notion of urbanization refers to changes in the size, density, and heterogeneity of cities 12 , but also the decrease in distances between similar cities and the increase in the population's mobility, segregation, and proximity between the poorest and the wealthiest 13 . However, the operationalization of the concept of "urban" displays wide diversity between regions and within countries, and can vary over time 12 . An analysis of the definitions of "urban" used by 228 countries allowed a classification in ten categories, varying from the mere use of population size to criteria that include political and administrative demarcation, the presence of public installations and buildings, supply of services, and economic activities 13 . Brazil is one of the few places in the world in which the urban area is defined by municipal law, with a wide variability in the criteria used. This heterogeneity is a limiting factor for obtaining estimates on the incidence of urban visceral leishmaniasis and especially for making comparisons between regions.
The variety of eco-epidemiological transmission scenarios originates from spatial heterogeneities in the distribution of vectors and other risk factors, different patterns in intra-urban vector-host contact, and variations in populations' susceptibility. Such heterogeneities have important epidemiological implications and can lead to a substantial increase in the force of transmission 14, 15 . In this situation, population subsets make a larger contribution to transmission, and targeting interventions on these groups can lead to a substantial reduction in infection rates.
It is thus crucial to consider these heterogeneities in transmission in different urban scenarios in order to properly support the choice of intervention strategies, since the effectiveness of control measures can be modified by various factors, like transmission level, the number of susceptible individuals, the size of the canine and vector populations, socioeconomic level, the peridomiciliary environment, and the physical space (microclimate, vegetation, altitude, relief, etc.). If the underlying heterogeneity in the location where the intervention is being implemented is a modulating factor for its effectiveness, it should follow that the preferential emphasis or implementation of one control measure as opposed to another is a strategic choice for each eco-epidemiological niche.
Thus, the understanding of a relatively recent and complex problem like the introduction, spread, and maintenance of visceral leishmaniasis in the urban environment requires analytical approaches that consider the intricate structure of variables, in addition to more elaborate methods for capturing the dynamics of demographic and environmental changes currently under way in transmission areas. The combination of multilevel models, statistical methods for the analysis of spatial-temporal data, geographic information systems, and remote sensing imagery can help deal with this challenge.
The articles comprising this Forum, prepared by renowned experts in the field, express different approaches and concepts on the geographic spread and urbanization of visceral leishmaniasis in Brazil. Maia-Elkhoury et al. 16 present national data and the perspective of those in charge of visceral leishmaniasis control. Rangel et al. 17 focus on the role of the vector Lu. longipalpis in the urbanization of visceral leishmaniasis. Oliveira et al. 18 discuss the subject based on the experience in Belo Horizonte, Minas Gerais State. Costa 19 presents several arguments on the potential mechanisms underlying this process. Finally, Nascimento et al. 20 , in the Postscript, analyze the theme based on studies in the State of Rio Grande do Norte and the reflections raised in the articles. 
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